(13) 



J) 



EuropSischesl^J^tarTrt 

European Patent Office 
Office europ^en des brevets 



(12) 



(43) Date of publication: 

19.08.1998 Bulletin 1998/34 



(id EP 0 858 905 A1 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 6 : B41M5/00 



(21) Application number: 98102724.6 

(22) Date of filing: 1 7.02.1 998 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 
NL PT SE 

Designated Extension States: 
ALLTLV MICRO SI 

(30) Priority: 18.02.1997 JP 33814/97 
24.04.1997 JP 107343/97 
24.04.1997 JP 107350/97 

(71) Applicant: 

CANON KABUSHIKi KAISHA 
Tokyo (JP) 



(72) Inventors: 

• Mlsuda, Katsutoshl 
Ohta-ku, Tokyo (JP) 

• Hosol, NobuyukJ 
Ohta-ku, Tokyo (JP) 

• Shlnjo, Kenji 
Ohta-ku, Tokyo (JP) 

• Omata, Ako 
Ohta-ku, Tokyo (JP) 

(74) Representative: 

BQhlingrGerhard, Dlpl.-Chem. et al 
PatentanwattsbGro 
Tledtke-BQhllng-KInne & Partner 
Bavarlaring 4 
80336 MQnchen (DE) 



(54) Recording medium, Ink-Jet recording therewith, and process for production thereof 



(57) A recording medium comprises a porous outer- 
most layer on a substrate, the porous outermost layer 
containing a particulate thermoplastic resin, and the 
particulate thermoplastic resin exhibiting a AE value of 
not higher than 20 after light exposure. The difference of 
glass transition temperature of the particulate thermo- 
plastic resin from minimum film-forming temperature 
thereof may be not less than 10°C, and the minimum 
film-forming temperature is not lower than 50°C. 

A process for producing the recording medium 
comprises forming a porous outermost layer by heat 
treatment at a temperature of not lower than the glass 
transition temperature of the particulate thermoplastic 
resin, but not higher than the minimum film-forming tem- 
perature thereof. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 
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* mum film-forming temperature of the particulate thermoplastic resin. 

BRIEF DESCRIPTION OF THE DRAWING 

s Figure is an enlarged view showing a partial fusion state of the outermost layer in the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is described below in detail. \ 
10 The recording medium of the present invention comprises a porous layer containing a particulate thermoplastic 1 
resin as the outermost layer. The applied ink penetrates through the porous layer onto an underlying layer such as an 1 
ink-receiving layer and an ink-absoraent substrate to form an image. The outermost layer is then made rwnpofou sjto j 
obtain a printed matter with high image density and high weatherability. 

In the present invention, the recording medium is formed by use of a porous layer containing a particulate thermo- 
is plastic resin of AE of not higher than 20. whereby the obtained recording medium is less liable to be discolored even 
after long-term storage and has high ink permeability. 

The AE value, which is an index of the degree of photo-deterioration of a resin, is a color difference caused by light 
exposure. In the present invention, the value of AE of a thermoplastic resin is derived by exposing the resin to light 
(wavelength of 340 nm ( dose of 0.39 W/m 2 ) with a xenon fadeometer under the conditions of temperature of 63°C and 
20 humidity of 70% for 200 hours, measuring the color differences before and after light exposure with a color difference 
meter CMS-500 (manufactured by Murakami SiWsai KX) according to JIS Z 8730, and calculating according to the 
equation below: 



25 



AE»[(L.L 0 ) 2 +(a-a 0 ) 2 +(b-b 0 ) 2 ] 



1/2 



where U Lo, a, ao, b, and b 0 are as defined in JIS Z 8729: L and Lq are levels of the lightness; a and ao are levels of the 
hue; b and b 0 are levels of the saturation; Lq. ao. and b 0 are measured values before the light exposure; and U a, and 
b are measured values after the 200-hour exposure 

Any kind of particulate thermoplastic resin may be used in the present invention provided that it has the aforemen- 
30 tioned properties, including materials of types of vinyl chloride, vinylidene chloride, styrene, acrylate, urethane, P 0 ^^*^** 

ter, and ethylene; latexes of types of vinyl chloride-vinyl acetate, vinyl chloride-acryiate, vinyl chloride-vinylidend^^ 8BW8S * 
chloride, vinyiidene chloride-acryiate, SBR. and NBR; mixtures of latexes of the above copolymers such as SBR/NBR, 
and vinyl chloride-acrylate/vinyi acetate. 

The thermoplastic resin having a conjugated double bond component like an aromatic compound in the resin-con- 
35 stituting polymer units tends to exhfoit UV transmittance of less than 80% to cause photo-deterioration. Therefore, the 
thermoplastic resin contains preferably a component not being a conjugated double bond at a content of 50% or higher, 
more preferably 70% or higher. 

The use of a thermoplastic resin is preferred which exhibits, after it is made nonporous, UV transmRtance of not 
lower than 85%, or more preferably not lower than 90% for higher long-term storabil'rty of the recording medium. 
40 The thermoplastic resin generally changes its states with temperature The resin having a high elasticity modulus 
at a lower temperature becomes rubbery abruptly at about the glass transition temperature. Most of thermoplastic res- 
ins begin film formation near the glass transition temperature (Tg). With further temperature elevation, the resin 
changes its elasticity modulus abruptly to become f lowable (at flow temperature). Most of thermoplastic resins have the 
minimum film-forming temperature (MFT) nearly equal to Tg. In the present invention, the MFT was measured by the 
45 temperature gradient plate method reported by Protzman, et al. described in S.Muroi: "CHEMISTRY OF HIGH POLY- 
MER LATICES", Kobunshi Kankokai K.K. 1986 March 15 (10th impression), pp 260-261. 

The physical properties of the thermoplastic resin, including strength, softening temperature, and flow temperature 
thereof, depend mainly on the intermolecular force. A polymer of higher crystallinity does not soften above Tg, and the 
MFT coincides with the flow temperature. Such a polymer which does not form a film at a temperature above the Tg is 
so suitable for forming a porous layer having higher ink permeability. "^H? 
The particulate thermoplastic resin for the outermost layer of the present invention has preferably anrinimum filmi 
forming temperature (MFT) of 50°C or higher for ease of formation of a porous layer containing a thermoplastic r esinj| 
The particulate thermoplastic resin has a minimum film-forming temperature (MFT) preferably higher by 10°C or more 
than the glass transition temperature (Tg), more preferably by 20°C or more, still more preferably by 30°C for ease of 
55 the heat treatment. On the other hand, the particulate thermoplastic resin has a minimum fam-forming temperature 
(MFT) preferably not higher than 150°C for ease of non-porosity treatment after printing. 

The fine particulate thermoplastic resin having the aforementioned properties, particularly the ones having higher 
crystallinity, are preferred in the present invention. Since the ones having an extremely high crystallinity has an 
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The porous layer containing the particulate thermoplastic resin is obtained by applying a paint containing the par- 
ticulate thermoplastic resin at a solid content ranging from 10% to 50% by weight onto a substrate or a pigment layer 
formed thereon, and heat-treating it preferably at a temperature of not lower than Tg but not higher than MFT of the ther- 
moplastic resin. 

The amount of coating of the particulate thermoplastic resin is preferably in the range from 2 to 10 pm to obtain 
surface gloss by treatment after the printing, to prevent development of the interference color, and to serve as a protec- 
tion layer. 

The substrate useful in the present invention may be either transparent or opaque, including paper sheets such as 
wood free paper, medium quality paper, art paper, bond paper, resin-coated paper, and baryta paper; plastic films com- 
posed such as of polyethylene terephthalate. diacetate. triacetate, polycarbonate, polyethylene, and poiyacrytete. 
When the ink-receiving layer is constituted only of a porous layer containing the particulate thermoplastic resin, the sub- 
strate is preferably selected from ink-absorbent paper or porus resina 

The paper sheet used as the substrate is coaled with barium sulfate on the surface constituted of a fbrous material 
to obtain preferably Bekk smoothness of the surface of 400 seconds or higher and whiteness of 87% or higher to obtain 
an image comparable with silver salt photograph. 

The barium sulfate employed therefor has preferably an average particle diameter ranging from 0.4 to 1 .0 urn, more 
preferably from 0.4 to 0.8 jim. Use of the barium sulfate having the particle diameter within such a range can satisfy the 
requirements for whiteness, gloss, and ink absorfoency. 

A binder suitable for binding the barium sulfate is gelatin, which is used in an amount ranging from 6 to 12 parts by 
weight based on 100 parts by weight of barium sulfata 

The barium sulfate is used for coating a substrate paper sheet in an amount ranging preferably from 20 to 40 g/m 2 
for achieving absorption of the ink solvent and surface smoothness. The smoothness of the barium sulfate layer is pref- 
erably not higher than 600 seconds, more preferably not higher than 500 seconds since the higher layer smoothness 
tends to lower the ink absorbency. 

In a preferred embodiment of the present invention, an ink-receiving layer containing a pigment is provided as the 
underlying layer for the outermost layer. The ink-receiving layer is provided to absorb and retain the ink applied to the 
outermost layer to form an image, and is a porous layer constituted mainly of a pigment 

The pigment employed includes silica, calcium carbonate, and alumina hydrate. Of these pigments, alumina 
hydrate is especially preferred in view of the dye-fixation and transparency. 

The alumina hydrate can be produced by known methods such as hydrolysis of aluminum altaxide, and hydrolysis 
of sodium aluminate. The alumina hydrate may be in a shape of ciliums, needles, plates, or spindles, but is not limited 
thereto, and may be either oriented or not oriented. 

The alumina hydrate used in the present invention may be a commercial product or a fabrication product derived 
therefrom. The alumina hydrate desirably has high transparency, high gloss, high dye-fixability, and high coating prop- 
erties without causing crack of the film. Examples of the commercial product include "AS-2" and "AS-3* produced by 
Catalysts & Chemicals Industries Co., Ltd., "520" produced by Nissan Chemical industries. Ltd. 

The alumina hydrate is usually in a state of fine particles having particle diameter of not more than 1 pm, and has 
high dispersibility. Therefore the alumina hydrate gives excellent smoothness and gloss to the recording medium. 

The binder for binding the alumina hydrate is selected, as desired, from water-soluble polymers. The water-soluble 
polymers include polyvinyl alcohol and derivatives thereof; starch and derivatives thereof; gelatin and derivative thereof; 
casein and derivative thereof; gum arabic; cellulose derivatives such as carboxymethyicellulose, hydroxyethylcellulose, 
and hydroxypropylmethylcellulose; conjugated diene type copolymer latexes such as SBR latex, NBR latex, and methyl 
methacrylate-butadiene copolymer latex; functional group-modified polymer latex; vinyl type copolymer latex such as 
ethylene-vinyl acetate copolymer latex; polyvinylpyrrolidone; and acrylate copolymers. The binder may be used singly 
or in combination of two or more thereof. 

The alumina hydrate and the binder may be mixed in a ratio ranging preferably from 1:1 to 30:1. more preferably 
from 5:1 to 25:1. With the amount of the binder less than the above range, the mechanical strength of the ink-receiving 
layer tends to be insufficient whereas with the amount of the binder more than the above range, the pore volume tends 
to be insufficient to result in lower ink absorbency. 

The coating liquid for forming the ink-receiving layer may contain, in addition to the alumina hydrate and the binder, 
an additive such as a dispersing agent, a thickening agent a pH controller, a lubricant, a fluidity modifier, a surfactant, 
a defoaming agent, a water resistance-imparting agent, a releasing agent, a fluorescent whitener, and a UV absorber. 

The alumina hydrate is applied onto the substrate preferably in an amount not less than 10 g/m 2 for the dye fixabil- 
ity: preferably in the range from 30 to 50 g/m 2 for the substrate having no ink absorbency, and in the range of from 20 
to 40 g/m 2 for the substrate having ink absorbency. 

The methods for coating and drying are not specially limited. The alumina hydrate and the binder may be baked, if 
necessary, to increase the crosslinWng strength of the binder, increase the mechanical strength of the ink-receiving 
layer, and improve the surface gloss of the alumina hydrate layer. 
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f^ed^m P a^^ull° b a tained in Pre !f nt inVenti ° n by aprtfinB i0k t0 the ink ^ving layer of the recording 
I Se^^SS: " neC6SSary ' ^ n ° nPOrOUS (tranSParert) *• ^ containing par! 

liencT '(5!£ toE? 'TS 9 m6diUm Pr6,erably by System * *** inkdro P le * in view of expe- 

t? t£ ■ "? k - jet . syste < ms - a bubble-jet system is empioyed in which ink droplets are formed by action of thermal 
f ener 9 v t0 ,nk V| ew of possibility of high speed printing and fine printing 

,( The porous layer containing the thermoplastic resin particles is made nonporous preferably bv heat treatment 
whereby weatherability such as water resistance and light fastness is improved. ^Sl^is^ade g STS 

a ,on9 term - 71,6 heatin9 temperature not 

SSTT 6PendS °" *" Wnd rt 1,16 resin, ranging preferably from 70-6 to 180-C in consTd- 

eratjon of the surface properties after the non-porosity treatment 

The present invention is described more specifically below by reference to examples without limiting the invention. 
Example 1 

h.i '1 a JT an " 6r * me Process disctosed ^ U.S. Patent 4.242.271. aluminum octoxide was synthesized and wa* 

the IHl^?,^? f° ,Uti0 1! JT 6re ^ ^ t0 0bta,n a **« dfe P*siori containing the alumina hydrate and 

I^Stt^rflSi n 2r ^ 7 10:1 ? W6i9ht T*"** ^s a£,Red onto a 

oTaC 40^T * 9 fofm 3,1 a,Um " ia ^rate^ontaining P°rous layer. The porous layer had a Sness 

cle d?^^^^ ^^^e-acrytete type latex of a solid matter content of 15% (mean parti- 

a b JS2 ' JLZ ESS Z * 012 ^ ° r SmaUer: 7S% ' T * a* *™ 127°C) was appliedby 
the app, ied ,atex was dned at 65'C to obtain a porous latex layer about 5 urn thick to cornolete the 

Sbet^ 

CanonK K JStS "0%™*" tomSd b/ a " **** printer ^ BJC 61 WW. manufactured by 

^th^2rlSlIS!If f T P0S,t0n Sh0W " b6,0W - 3nd 4,16 recordin 9 medium ^ heat-treated at 140^0 to 
mate the latex layer nonporous to obtain a printed matter of photograph picture quality. 

Ink composition: 



Dye: 

Y: 
M: 
C: 
Bk: 



CI. Direct Yellow 86 
CI. Acid Red 35 
CI. Direct Blue 199 
C.I. Food Black 2 



Oye(Y t M, C, or Bk below) 


3 wt parts 


Glycerin 


7 wt parts 


Thiodiglycol 


7 wt parts 


Water 


83 wt parts 



was^ualX^TJ^^ 109 ^ f Z°?™ { denSi * weatherabili * ^ printed dot stale. The recording medium 
was evaluated for scratch resistance, and ink absorbency. Table 1 shows the results. 

(a) Optical density: 

The optical density was evaluated by means of a MacBeth Reflectodensitometer RD-91 8 

(b) Weatherability: 
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"The printed matter was left outdoors for 8 days, and the change of the image was observed. The symbol "A" 
denotes the image excellent in light fastness, water resistance, humidity resistance, and acid resistance without 
deterioration of the image; the symbol "B" denotes the image showing slight deterioration without practical problem; 
and the symbol "C" denotes significant deterioration of the image. 

5 (c) Scratch resistance: 

The recording medium was rubbed with a weight of 800 g placed thereon. The symbol "A" denotes the recording 
medium not scratched; the symbol "B" denotes the recording medium slightly scratched; the symbol "C" denotes 
the recording medium scratched in large numbers. 

(d) Ink absorbency: 

10 Bleeding between the colors of the printed image, especially, at the border between synthetic color portions where 
inks are applied in a larger amount, and beading were observed visually. The symbol "A" denotes no bleeding and 
no beading; the symbol "B" denotes slight bleeding and slight beading with no practical problem; and the symbol 
"C" denotes significant bleeding and significant beading. 

(e) Printed dot state: 

is The printed dots were observed visually in comparison with a reference recording medium having no porous out- 
ermost layer containing the particulate thermoplastic resin. The symbol "A* denotes that the dots have a large 
diameter and are in a precise circle shape in comparison with the reference; the symbol m B m denotes that the dots 
are a little smaller or slightly deformed without a practical problem; and the symbol *C" denotes that the dots are 
obviously smaller in size, or deformed, or the color is nonuniform. 

20 

Example 2 

A porous layer (ink-receiving layer) was formed in the same manner as in Example 1 . On the porous layer, a styrene 
type latex (trade name: LX303, produced by Nippon Zeon K.K., Tg: 100°C. minimum film-forming temperature: 120°C) 
25 containing PVA at a solid matter content of 3% was applied by a bar coater. The applied latex was dried at 50°C, and 
heat-treated at 103°C for 5 seconds to form a porous latex layer about 5 jim thick. Thus the recording medium of the 
present invention was completed. By SEM observation of the formed latex layer, it was confirmed that the latex particles 
were fusion-bonded partially together. The void ratio at the latex layer surface was 15%. 

Printing was conducted on the resulting recording medium in the same manner as in Example 1. The evaluation 
30 results are shown in Table 1 . 



Comparative Example 1 

A recording medium was prepared and printing was conducted in the same manner as in Example 1 except that 
35 the latex used in Example 1 was replaced by an SBR type latex (trade name: LX382, produced by Nippon Zeon K.K.). 
The evaluation results are shown in Table 1. 



Table 1 





Example 1 


Example 2 


Comparative example 1 


Latex AE 


11.3 


12.0 


32.5 


Density (O.D.) 








Black 


1.8 


1.9 


1.9 


Yellow 


1.7 


1.7 


1.8 


Magenta 


2.2 


2.2 


2.2 


Cyan 


2.4 


2.4 


2.3 


ink absorbency 


B 


B 


B 


Printed dot state 


B 


B 


B 


Weatherabiirty 


A 


A 


C 


Scratch resistance 


A 


A 


C 
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Examples 3-6 



1 except that thelatex used SeT^ 

-n Table 2. Any of the material shZ in ^T^S^fi^ " * ^ r8SU,tS are shown 

higher by 10*C or more than the glass tranTrton temoemZ fl,m " form,n 9 temperature of not lower than 50*C and 

The void ratios of the outermost layer in Examniesq a c arv4c 

c^yer in txamples 3, 4, 5, and 6 were respectively 15%. 40%. 18%, and 17%. 



Latex 

Latex AE^ 
Density (O.D.) 
Black 
Yellow 
Magenta 
Cyan 

Ink absorbency 
Printed dot state 
Weatherability 
Scratch resistance 



Example 3 
Styrene-acryf type* 1 

18.2 

IX 
1.5 
1.7 
1.5 
B~ 
X 
X 

"i" 



*' SX865(B), Japan Synthetic Rubber Co 

^G151. Nippon Zeon Co. 
Cebian A4620. Daicel Chemical Industries 
Vinybran 683. Nisshin Kagaku Kogyo 



Table 2 
Example 4 
Vinyl chloride type* 2 

16.5 

IX 
1.6 
2.1 
2.2 

X 
X 
X 
X 



Examples 

Acrylate ester copol- 
ymer type* 3 

las 



2.0 
2.0 
2.2 
2.2 

X 

T 

X 
X 



Example 6 

Vinyl chloride acryiate 
copolymer type* 4 

12.3 



1.8 
1.7 
2.1 
2.2 

T 
X 
X 
X 



Example 7 

used. The porous layer had a thickness of a^l on mSH JT ^ ^ ah,mlna **■»■ 801 
ness of about 5 in the same manner «EewS fjSE^ ^ a P° rous *as formed in a thick- 

On this recording medium, an ^ge^S^e^T^ ^ ° f *• invention - 



Table 3 





Example 7 


Density (O.D.) 




Black 


1.7 


Yellow 


1.6 


Magenta 


2.2 


Cyan 


2.3 


Ink absorbency 


A-B 


Printed dot state 


B 


Weatherability 


A 
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Table 3 (continued) 





Example 7 


Density (O.D.) 




Scratch resistance 


A 



Example 8 

10 A base paper sheet composed of wood pulp and a filler was employed. This paper sheet had a basis weight of 180 
g/m 2 a Stockigt sizing degree of 230 seconds, and a Bekk smoothness degree of 355 seconds. On this base paper 
sheet was applied a composition comprised of 105 parts of barium sulfate (mean particle diameter: 0.7 pm). 10 parts 
of gelatin, 3.5 parts of polyethylene glycol, and 0.5 parts of chrome alum (parts are based on weight) in a coating 
amount of 30 g/m 2 . The coated paper sheet was super-calendered for surface smoothening to obtain a surface smooth- 

js ness of 430 seconds. 

On this base sheet, an alumina hydrate-containing porous layer was formed in a thickness of about 30 urn. 
Further on this porous layer, a porous latex layer was formed with the same material as used in Example 1 but has 
mean particle diameter of 0.7 jim to obtain a recording medium of the present invention. 

On this recording medium, an image was formed in the same manner as in Example 1 . and then the latex layer was 
so made nonporous to obtain a printed matter of photograph picture quality. The evaluation results are shown in Table 4. 



Table 4 



25 



30 



35 





Example 8 


Density (O.D.) 




Black 


2.1 


Yellow 


1.8 


Magenta 


2.3 


Cyan 


2.4 


Ink absorbency 


A 


Printed dot state 


A 


Weatherability 


A 


Scratch resistance 


A 



40 Example 9 

A sheet having an alumina hydrate-containing porous layer formed thereon was prepared in the same manner as 
in Exarrple 8 except that the base paper sheet had a basis weight of 1 40 g/m 2 , a StOckigt sizing degree of 230 seconds, 
and a Bekk smoothness degree of 330 seconds. Then onto the back face of the base sheet (reverse to the porous layer- 
45 coated face), a 5% polyvinyl alcohol solution was applied with a bar coater. On the surface of the porous layer of the 
front side, a porous latex layer was formed in the same manner as in Example 1 . 

An image was formed on this recording medium in the same manner as in Example 1 . The planarity of the record- 
ing medium was kept well. The printed matter was made nonporous in the same manner as in Example 1. Table 5 
shows the results. 

50 



55 



Table 5 





Example 9 


Density (O.D.) 




Black 
Yellow 


2.1 
1.8 
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10 





Example 9 


Density (O.D.) 




Magenta 


2.3 


Cyan 


2.4 


ink absorbency 


A 


Printed dot state 


A 


weatfierability 


A 


Scratch resistance 


A 
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The present invention orovidA*: a n«,«i , 

«» mntmum fllm-to^ing M^^e Ite^T ,OTOeralure Palate .I*™*** ^ ^ „ 
Claims ^tjj- 

< c^.^ .u-.y -?^Lr^ 



35 



J5 



*0 



f.lm-fbrm,ng temperature is not lower than 50-C tem P erature *ereof . not less than 10»C. and the minimi 
■--^aeco*^ s^,^,^^^ 



> 
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* " 9. The recording medium according to daim 6, wherein said latex particles are comprised of a copolymer formed from 
three or more monomers of vinyl chloride-vinyl acetate-acryiate type. 

10. The recording medium according to claim 5. wherein said particulate thermoplastic resin is a homopolymer, or a 
5 copolymer of two or more monomers. 

1 1 . An ink-jet recording method comprising allowing ink droplets to fly onto and adhere to a recording medium set forth 
in claim 1 or claim 3. 

io 1 2. An ink-jet recording method comprising allowing ink droplets to fly onto and adhere to a recording medium set forth 
in claim 1 or claim 3, and subsequently heating the recording medium. 

1 3. A process for producing the recording medium set forth in claim 2. comprising forming a porous outermost layer by 
heat treatment at a temperature of not lower than the glass transition temperature of said particulate thermoplastic 
is resin, but not higher than the minimum film-forming temperature thereof. 
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